Abstract Among vertebrates, specialization in scavenging has appeared only in "true" Gyps vultures, which usually base their diet almost exclusively on carcasses of medium and large-sized mammals, whereas all other scavengers rely on broader ranges of prey. The availability of food for scavengers in Western Europe has not been limited during recent decades permitting the existence and growth of huge vulture populations. From 2000 onwards, however, EU sanitary legislation has progressively limited the abandonment of dead animals in the field resulting in a sudden reduction of food availability with unknown ecological and conservation consequences. Here, we examine the dietary response of a tandem of carrion eaters, the griffon vulture (Gyps fulvus) and the Egyptian vulture (Neophron percnopterus), showing different degrees of dietary specialization. Our results showed that after the reduction in numbers of supplementary feeding stations (vulture restaurants) the niche breadth of the griffon vulture has broadened and now includes significant amounts of wild rabbits (Oryctolagus cuniculus) and garbage. The diet of the Egyptian vulture, on the contrary, did not vary substantially. The diet overlap showed patterns probably conditioned by interspecific competition and the progressive exploitation of unpredictable carcasses. On a short-term scale, consequences for smaller scavengers could be negative due to the monopolization of resources by the dominant and much more abundant griffon vulture, however in the long-term all guild species would benefit from the exploitation of unpredictable carcasses, which could enhance the possibilities of coexistence.
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Introduction
Coexistence of species exploiting the same resource is facilitated by heterogeneous environments, which allow differential use of patches with variable environmental features and resource availability (Brown et al. 1994; Wauters et al. 2002; Carrete et al. 2005; Stephens et al. 2007) . Within those guilds embracing species having carnivore food habits, the diversity of the diet may be also based mainly on the variability in size of the prey (Begon et al. 2006 ). In the case of carrion-eater guilds, the degree of sharing of common resources (carcasses) depends on morphological and behavioral traits (Mundy et al. 1992; Hertel 1994; Hertel and Lehman 1998) . Thus, in each geographical region, there is one or two species of "true" scavengers ("Gyps" vultures and some Cathartidae in the Old and New World, respectively); their morphological adaptations and their social behavior allow these vultures to specialize in the consumption of large carcasses (Houston 1983; König 1983; Wallace and Temple 1987) . On the contrary, other scavengers are more polyphagous and, although they also exploit large carcasses, they invariably consume a number of small and medium-sized prey (Hiraldo et al. 1991a; Mundy et al. 1992; Travaini et al. 1998) . When several species concur at the same carcass, coexistence is made possible on the basis of resource partitioning, involving facilitatory and competitive processes still not well understood and apparently dependent on constraints linked to the species' life-history strategies and local conditions inherent to each carcass (Kruuk 1967; Wallace and Temple 1987; Mundy et al. 1992; Margalida et al. 2009 ). Facing scarce resources, competitive displacement may appear to permit the monopolization of the food source by the most aggressive (and eventually abundant) species (Hiraldo et al. 1991b) .
Given the scenario of a global vulture crisis (Koenig 2006) , it is remarkable that the Iberian Peninsula and in particular, Spain, still holds the largest populations of avian scavengers in Europe and probably in the Old World (BirdLife International 2008; Margalida et al. 2009 ). This is the result of both legal protection and high food availability. During the second half of the 20th century, food availability was well above that required to maintain the scavenger populations leading to a spectacular increase in population size, especially that of the griffon vulture (around 500% between 1979 and 1999; Donázar and Fernández 1990; Parra and Tellería 2004; Del Moral and Martí 2001) . This situation was exacerbated by a failure to comply with sanitation laws enforced since the 1950s which forbade the abandonment of carcasses in the field (Donázar et al. 2009a) . In 1999, bovine spongiform encephalopathies (BSEs) brought about strict EU legislation aimed at the elimination of animal by-products (Tella 2001) . As a consequence, state and regional administrations reinforced measures requiring farmers to remove or destroy the remains of dead livestock (Donázar et al. 2009a) . Such laws were implemented from 2000 onwards but they have been much more strongly enforced since 2005. Consequently, after decades of high food availability for scavengers, there was a sudden decrease in the number of carcasses abandoned by farmers both in the field and in supplementary feeding stations "vulture restaurants" (see Camiña and Montelío 2006; Donázar et al. 2009a) . Further EU regulations have allowed the possibility of maintaining some feeding stations aimed to conserve vulture populations, but the number of these places and the amount of food supplied are still very low in relation to population size.
In our study, we examined the impact of recent shortterm changes in the abundance and distribution of resources in a system with two scavenger species: the griffon vulture (Gyps fulvus) and the Egyptian vulture (Neophron percnopterus). Both are members of the same scavenger guild but present a clear trophic segregation (König 1983) . The griffon vulture is a large (ca. 10,000 g) specialist whose diet is based on medium and large-sized ungulate carcasses whereas the Egyptian vulture (ca. 2,000 g), although also exploiting large carcasses, consumes high frequencies of small and medium-sized vertebrates, and garbage (see Donázar 1993; BirdLife International 2008) . We hypothesized that the progressive disappearance of food resources linked to large ungulate carcasses (swine, sheep) has provoked asymmetric changes in the diet of the two scavengers. Specifically, we predicted that the trophic specialization of the griffon vulture would lead to few changes in its diet following the decrease in food availability; on the contrary, the Egyptian vulture would respond according to these variations, increasing the consumption of alternative prey.
Materials and methods

Study area
Our study was carried out between 2005 and 2008 in Navarre and Aragón, Northern Spain (Fig. 1) . This region is characterized by a relatively abrupt relief (300-1,500 m in altitude) and variable climate (300-800 mm of annual precipitation). The landscape is mostly dominated by agriculture (cereals, irrigated fields) and pasturelands with some forests occupying slopes and mountains (see Donázar et al. 1996a for more details). The breeding populations of griffon and Egyptian vultures were estimated in 2004 at around 2,400 and 380 pairs, respectively. In 2005, there were around 250 feeding stations or "vulture restaurants" established at which dead animals were regularly disposed for consumption by avian scavengers. Most of these feeding stations were associated with intensive swine farms and, to a lesser extent, sheep raising. Although the closing of the feeding stations began in the study area prior to 2005 (Camiña and Montelío 2006) , the main quantitative change took place after this date. Thus, during the spring and summer of 2007, following EU legislation, most of the feeding stations in Aragón (western study area) were closed. During the autumn and winter of 2007, similar measures were taken in Navarra (eastern study area). Currently, large carcasses are only available in some feeding places (less than 25 in the entire study area). Apart from this, some owners of either extensive operations in remote areas (mountains) or small intensive farms continue to abandon carcasses in the field though these are minimal in comparison to those that existed before the EU legislation. Overall, it has been estimated that more than 80% of the formerly existing supplementary feeding stations were closed in the study area between 2007 and 2008; thus, only a third of the requirements of the vulture populations would be covered by the remnant vulture restaurants (Donázar et al. 2009a ; Regional Governments, unpublished data).
Field procedures
Pellet collection was carried out in communal roosts existing in an area of around 5,000 km 2 located around we collected pellets of griffon vultures in four communal roosts. They were located in cliffs and trees on abrupt slopes. During the same period, we also collected pellets of Egyptian vultures in three communal roosts placed in woody areas. Two of these roosts (A and B) were associated with predictable food resources (intensive farm areas and garbage dumps) and the third (C) was in an area with high densities of wild rabbit (Oryctolagus cuniculus) and extensive sheep farming; immature and adult birds were observed regularly in all these roosts (see Donázar et al. 1996a for more details). Three of the roosts (A, B, and C) were shared by the two studied species, however, within roosts, well-separated places were used for perching which permitted us to identify the species that had cast the pellet. Because all the samples were collected at the end of the breeding season, our data samples can be considered as representative of the food habits of these scavengers during the summer (last part of the reproductive period, when the main roost are formed, Donázar et al. 1996a ). It should be noted that the population of griffon vultures is sedentary whereas the Egyptian vulture has migratory habits, arriving in March and leaving the region in September (Donázar 1993) . The pellets were collected on a single day in each location and all were fresh and/or not dismembered. Hence, it can be inferred that pellets were deposited in the weeks prior to the collection. All the vulture roosts were monospecific, known from observations done during longterm monitoring of these populations (see e.g., Donázar et al. 1996a; Grande 2006; Cortés-Avizanda et al. 2009 ). Hair, bone, feathers, and scales were used to identify prey remains by comparison to a reference collection. For the griffon vulture and with the purposes of diet quantification, we considered the following prey categories: wild rabbits, sheep (Ovis aries), swine (Sus scrofa), undetermined ungulate (Bovidae, Equidae, and Cervidae), carnivores (Carnivora), poultry (Gallus gallus), and garbage (indicated by the presence of plastic, glass, etc.). For the Egyptian vulture, we considered the same categories and, in addition: rodents (Rodentia); undetermined birds (Aves), insects (Coleoptera), and maggots (Diptera; corresponding to carrion-eater species and not related to pellet decomposition). As is habitual in scavenger diet studies and because bones rarely appeared in pellets, we did not calculate minimum numbers. Alternatively, we estimated the frequency of occurrence of each prey species (percentage of the total number of pellets in which the prey was detected) (see e.g., Hiraldo et al. 1991b; Lambertucci et al. 2009 ). Although pellet analyses may present some biases (in particular due to the underestimation of items with soft tissues) it is a valid procedure to compare diets of species having parallel food habits as is the case of scavengers (see Hiraldo et al. 1991b; Kelly et al. 2007 , and references therein). stations, located in the western study area (Navarra).
We used Generalized Linear Models (GLM; McCullagh and Nelder 1989; link function, logit; error distribution, binomial) to detect interannual changes in the probability of occurrence of each prey category in the diet of griffon vultures. We considered each pellet as a simple unit and the presence/absence (1/0) of each prey as a response variable (link function, logit; error distribution, binomial). The year was considered an explanatory continuous variable reflecting the continuous decrease in the availability of food resources during the study period. Because the range of movements of griffon vultures (up to 75 km; Donázar 1993) clearly exceeds the distance between the studied roosts (maximum 60 km) we did not consider them as independent sampling zones.
For the Egyptian vulture, we used Generalized Linear Mixed Models (GLMM; McCullagh and Searle 2000). It is well-known that Egyptian vulture roosts are associated with food sources and that the same individuals frequently remain attached to the same roosts for periods of days or weeks (Donázar et al. 1996a ; authors personal observation). In addition, the range of movements of individuals is usually below 15 km (Donázar 1993; authors unpublished) . For these reasons, to control for potential variability among roosts as well as to avoid non-independence of the data, we fixed in models the roost as a random term. Response and explanatory variables were similar to those considered in the analyses for griffon vultures.
Following Mysterud (2000) , niche breadth (B) was calculated on the basis of the Shannon-Wiener information measure (Hanski 1978): B j =−Σ j p ij ln(p ij ). The overlap in diet (O ge ) between griffon (g) and Egyptian vultures (e), was calculated with the Schoener's index (Schoener 1968) :
, where p ig and p ie were the proportions of the prey category i in the diet of the griffon and the Egyptian vulture, respectively. Overlap varies between 0 (absent) to 1 (complete).
Results
We analyzed 844 pellets (griffon vulture, 403; Egyptian vulture, 441) throughout the study area. The number of pellets collected in each roost and year varied from 20 to 70 (mean=44) for the griffon vulture and from 9 to 81 (mean= 48) for the Egyptian vulture. The frequencies of occurrence of wild rabbit, poultry, and garbage showed a significant increase in the diet of the griffon vulture during the study period (respectively, χ 2 = 8.51, p = 0.003; χ 2 = 8.24, p=0.004; χ 2 =7.89, p=0.005; Fig. 2 ). In 2008, wild rabbits occurred in almost 10% of the pellets (Fig. 2, Appendix 1) . The frequency of swine showed the opposite trend (χ 2 =9.77, p=0.002; Fig. 2 ) in parallel with the closing of the main feeding stations (Fig. 2) . Only poultry varied significantly within the Egyptian vulture's diet, decreasing during the study period (F 1,428 =33.45, p<0.0001; Fig. 2) . Wild rabbits did not show significant variations with frequencies close to 20% (Fig. 2) . Niche breadth of both species increased progressively during the study period (Table 1 ) although the differences between periods, considering each roost independently, did not reach significance in the case of the Egyptian vulture (Kruskal-Wallis test, p=0.281). Diet overlap between the two species revealed divergent results in relation to each Egyptian vulture roost (Table 2) . During the study period, griffon vultures showed a growing overlap with those Egyptian vultures roosting in areas where resources were unpredictable (roost C). Overlap with Egyptian vultures depending on predictable resources (vulture restaurants and rubbish dumps; roosts A and B) was similar during the first and last part of the study period and showed minimum values during 2007, when some of the feeding stations had been closed (Fig. 3) .
Discussion
Our results, contrary to those predicted, showed that the decline in food availability due to EU regulations prohibiting the disposal of carcasses in the field has triggered significant changes in the diet composition of the griffon vulture. After the closing of most feeding stations it has begun to consume significant numbers of small vertebrates increasing its niche breadth. Carnivores show a preference for items rewarding higher benefits (Begon et al. 2006) . When the diet is extremely specialized, however, these changes are not expected and the preferred prey would be consumed independent of the abundance of alternative items (see Pyke et al. 1977; Stephens et al. 2007 ). Gyps vultures are specialists exploiting large carcasses having evolved in fluctuating environments where carcass availability was dependent on the displacement of large migratory ungulates. Large body size and soaring flight strategies permit these species to search for food in extremely large regions thus buffering the effects of weather and herd displacements (Houston 1983) . Concordantly, all studies carried out on the diet of the griffon vulture in western Europe and other Old World regions show higher and almost exclusive consumption of medium and large-body size vertebrate (mainly ungulate) carcasses such as cow, horses, deer, swine, sheep and goats (Fernández 1975; Elosegi 1989; Mundy et al. 1992 ; but see Margalida 1997) . Consequently, our results show an unusual and unexpected phenomenon probably linked to extreme food conditions with very low availability of food in relation to the size of the griffon vulture population.
Other carnivores with opportunistic diets can reduce the consumption of key prey items when they become less profitable than alternative prey (Glasser 1982) . However, the Egyptian vulture in northern Spain has not shown such trends in parallel to the closing of the main feeding stations. In fact, it appears to currently exploit the same prey and in similar proportions to that reported two decades ago in the same study area (wild rabbit, 4-42%; swine, 8-47%; sheep, 20-73%; poultry, 10-95%; garbage, 2-51%; Ceballos and Donázar 1990) . Most likely, other environmental factors determine a very high variability in the diet of this opportunistic feeder, thus masking the effects of the closing of the feeding stations. In fact, we found important differences in the diet between roosts probably because the primary food source is variable (wild rabbits in one case, and ungulate carcasses and garbage in the other two studied cases). Moreover, the large population decline in wild rabbits in the study area during the last decade was caused by rabbit haemorrhagic disease (Villafuerte et al. 1995) may also have contributed to the observed variability since rabbit populations have recovered only partially, showing important spatial variations in density (Calvete et al. 2006) .
Trends in food habits of the two species are considered on a broader scale, our results strongly suggest close interdependence and reflect a scenario of interspecific exploitation competition (Tokeshi 1999) , in this case determined by different body size (Cody and Diamond In the roosts A and B, the diet of the Egyptian vultures relied mainly on large ungulate carcasses and garbage; in the roost C, wild rabbit was the main prey Wilson 1975) . In accordance with this scenario, we observed an increasing overlap in the diet of the two species when the Egyptian vulture depended on unpredictable resources. In the other two zones, however, overlap was minimal during 2007 when some of the feeding stations had been closed. This could reflect different degrees of spatial concurrence in patches with changing food availability as is schematically represented in Fig. 3 . Thus, the patches of food would be the feeding stations (predictable sources) and the carcasses found at unpredictable locations (small farms, extensive exploitations, and wild animals). The concurrence between griffon and Egyptian vultures would be maximal in either condition of high food availability, when the scavengers would preferably exploit feeding stations (2005) or, on the other hand, when after the closing of these stations (2008) the two vultures must share primarily unpredictable resources. Even after the closing of most of the feeding stations the diet of the two species is still based on ungulate carcasses. The birds should intensively exploit the few predictable locations remaining but many carcasses should also be provided by extensive grazing practices, which are still common in abrupt mountain areas (Donázar et al. 1996b) and still provide many dead animals whose carcasses remain in zones difficult to access. In addition, many carcasses, mainly swine, should be found in the vicinity of small farms where the regulation of carcass elimination is not strongly enforced. Because of the illegal nature of this activity it is very difficult to quantify the availability of these resources but it is clear that they are important to the vulture population. After decades of legal protection and high availability of food, the population of griffon vultures has seen a sudden reduction in the amount of available carcasses. This may lead to a new scenario of population regulation, marked not only by a lower trophic carrying capacity but also by the more unpredictable spatial distribution of resources. In the short-term, changes are expected in the spatial structure of the population not attached to breeding places. There is also evidence that immature vultures are not longer concentrating in those regions in which abundant and predictable food resources are becoming scarce (Camiña and Montelío 2006) . From a long-term perspective, the demographic regulation of the griffon vulture population can be expected on the basis of the new environmental carrying capacity. During recent years (2006) (2007) (2008) the number of individuals found dead or starving has increased dramatically in the Iberian Peninsula. Moreover, in 2007 and 2008 the breeding success of griffon vultures dropped consistently in populations of northern Spain depending heavily on carcasses from intensive farming (see reviews in Donázar et al. 2009a) . Consequently, it can be predicted that the growth of Iberian griffon vulture populations could end in the shortterm and even begin to decline in the long-term. Breeding counts carried out in northern Spain during 2007 and 2008 indicate this trend (Margalida et al. 2009 ).
Interspecific relationships could also be strongly affected by this new scenario. The scarcity of the main food resources exploited by the griffon vultures (predictable large carcasses) would lead to an increase in indirect competition with subordinate species for small and medium-sized carcasses, in a process similar to the hyperpredation observed in predator-prey systems (Courchamp et al. 2000) . In the Iberian Peninsula the carcasses of wild rabbits are heavily exploited by facultative predators and carrion-eaters (Delibes-Mateos et al. 2008 ) and for some threatened species like the Egyptian vulture, the cinereous vulture (Aegypius monachus) and the bearded vulture (Gypaetus barbatus) constitute an essential part of the diet during the breeding period (Hiraldo 1976; Donázar and Ceballos 1988; Margalida et al. 2009 ). In a field experiment carried out during 2005 and 2006, when the availability of large carcasses was still high, we observed that 30% of the wild rabbit carcasses were consumed by griffon vultures, which displaced other species like Egyptian vultures, red kites (Milvus milvus), black kites (Milvus migrans), marh harriers (Circus aeruginosus), common European buzzards (Buteo buteo), and common ravens (Corvus corax). In addition, food sources like garbage dumps that until now have been exploited exclusively by opportunistic scavengers (Donázar 1992) can now be monopolized, at least partially, by griffon vultures. Apart of this, the growing consumption of garbage may have serious consequences for the populations of these species because it increases the probability of ingestion of toxic substances (Houston et al. 2007 ).
In conclusion, the implementation of recent EU legislation is directly affecting the availability of food for the specialist avian scavengers but could also be modifying the trophic relationships within the guild. From a long-term perspective, the structure and functioning of the guild could be highly dependent on the regulation of the griffon vulture population given the new availability and spatial distribution of resources. Even if, in the short-term, negative consequences for populations of more threatened scavengers such as the Egyptian vulture are expected, in the long-term the situation could improve the conservation outlook because all the species would depend on more unpredictable resources. In the end, this scenario would be more similar to those in which the foraging strategies of avian scavengers evolved. Moreover, there would be fewer incidences of other negative factors threatening the populations of carrion eaters depending on intensive livestock such as the ingestion of veterinary drugs and pathogen transmission (Blanco et al. 2007; Lemus et al. 2008 ). Also, a higher availability of carcasses would reduce the probability of ingestion of poisoned preys (Margalida et al. 2008) . It is necessary for EU legislation and the regulation of the states and regions to have enough flexibility to authorize owners of extensive operations to abandon the carcasses of their livestock in order to sustain populations of avian scavengers (Donázar et al. 2009b) .
Acknowledgements Funding during a part of this study came from Viveros y Repoblaciones de Navarra S.A. (Navarre Government). The remainder support has been provided by the Project CGL2004-00270/BOS. MC was supported by a Juan de la Cierva postdoctoral contract. We thank N. Markina, and M. Rodriguez for their help during fieldwork. O. Ceballos, A. Margalida and two anonymous reviewers made helpful comments on earlier versions of the manuscript. Table 3 Percent of occurrence in fresh summer pellets of the two studied vulture species at four roosting areas in northern Spain 
